issue of quality, [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] we are unaware of studies examining whether opt-out has improved access to care. This omission is surprising since proponents of opt-out argue that it increases access to care a in underserved or rural areas, by expanding the pool of anesthesia providers. Moreover, the CMS rule states that governors must consider the availability of anesthesia care before opt-out, and in choosing to opt-out, governors have typically cited the necessity of improving access to critical services in rural areas. In theory, opt-out could increase access by facilitating nurse anesthetists' independent practice and thereby directly increasing the pool of available anesthesia providers. Whether it has done so in practice remains an open question.
In this article, we use data from the National Inpatient Sample (NIS), a nationally representative sample of inpatient discharges, to examine whether opt-out was associated with increased access to anesthesia care for urgent procedures by considering 2 measures of access. First, we examine whether opt-out was associated with an increase in the percentage of patients admitted for appendicitis, intestinal obstruction, choledocholithiasis, and hip fracture (conditions often requiring urgent access to anesthesia care) who received a procedure requiring anesthesia. Many factors, such as surgeon and patient preferences, will affect the number and percentage of patients who ultimately receive surgery for these conditions, particularly since there are nonoperative alternatives in some cases (e.g., intestinal obstruction). Nonetheless, the percentage of patients receiving surgery is typically used as a proxy for access to surgery.
14,15 Second, we examine whether opt-out was associated with a decrease in the number of acute appendicitis patients presenting with a ruptured appendix, because the incidence of ruptured appendicitis has also been used to measure access to surgery. 16 
METHODS

Data and Sample Selection
This study used deidentified data and did not require IRB approval. We used data from the 1998 to 2010 NIS, produced by the Healthcare Cost and Utilization Project. The NIS is a nationally representative sample of inpatient visits drawn from community hospitals in the United States.
b Each year, community hospitals from participating states are classified into strata based on rural/urban location, number of beds, region, teaching status, and ownership. A 20% random sample of hospitals is then selected from each stratum, and all admissions to these hospitals in the given year are recorded. The NIS provides detailed patient-level data for each admission, including demographic variables such as age, sex, and insurance status, as well as International Classification of Diseases, Ninth Revision (ICD-9) procedure and diagnosis codes obtained from the discharge abstract. The diagnoses can be the admitting diagnosis, as well as diagnoses present on discharge. In addition, the NIS provides data on the hospital, such as its state and whether it is located in a rural or urban area. The NIS has been extensively used to examine trends in health care utilization, 17 as well as the effect of policies at the state level. 18, 19 We extracted all patients with a diagnosis code (either primary or secondary diagnosis), indicating appendicitis, bowel obstruction, choledocholithiasis, or hip fracture. Our inclusion/exclusion criteria for each condition were adopted from previous studies and are shown in Table 1 . 15, 17, [20] [21] [22] [23] In all, we identified 802,892 cases of appendicitis, 724,475 cases of bowel obstruction, 293,863 cases of choledocholithiasis, and 808,888 cases of hip fracture. We then excluded patients younger than 18 years, patients with more than one of these diagnoses, and patients with missing data on our covariates of interest (see below). With these exclusions, our final sample consisted of 574,807 cases of appendicitis, 693,257 cases of bowel obstruction, 286,196 cases of choledocholithiasis, and 798,870 cases of hip fracture. Of note, the methods used to identify choledocholithiasis exclude chronic biliary obstruction (a nonurgent scenario), while the methods used to identify hip fracture include low-velocity hip fractures and exclude high-velocity hip fractures, such as those associated with polytrauma.
Outcomes
Our outcomes consisted of 2 measures of access. The first was whether an individual patient underwent a procedure (typically a surgery), which we inferred by the presence of the ICD-9 procedure codes listed in Table 1 . Using these codes, we generated a dummy variable, which equaled 1 if a patient underwent a procedure and 0 otherwise. For choledocholithiasis, patients could receive 3 types of procedures (i.e., surgery, endoscopic procedures, and percutaneous procedures), and we considered any of the 3. It is important to note that the NIS does not follow a patient across hospitals, so if a patient was admitted and then transferred to another hospital for the procedure, we would have no record of the subsequent admission. However, we would observe that the patient did not receive a procedure at the initial hospital. Since transfer represents a lack of access, both in terms of patient inconvenience and because it delays the receipt of a potentially urgent procedure, our approach counted these transferred patients as not having received a procedure. Our second outcome, limited to patients with appendicitis, was a dummy variable equaling 1 if the patient presented with a ruptured appendix (ICD-9 540.0 or 540.1) and zero otherwise.
Variables
Our analysis included 2 independent variables of interest. The first indicated whether opt-out was in effect. Specifically, a dummy variable equaled 1 in the opt-out states starting the year following the opt-out year (Table 1) . For non-opt-out states and for opt-out states in the years before and including the opt-out year, the variable equaled zero. It is important to note that the number of states participating in the NIS has grown over time from 22 in 1998 to 46 in 2010. Therefore, our analysis of the NIS characterized the experience of opt-out states that (a) reported data to the NIS and (b) chose to opt-out at least 1 year after initially providing data to the NIS. For example, Colorado opted-out in 2010 and so was not examined. Table 2 provides a list of opt-out states, the year they chose to opt-out, and the year they began providing data to the NIS. We also obtained additional control variables including patient age and sex. In addition, we controlled for comorbidities using a version of the Charlson Index that has been modified for use with administrative databases. 24 Although the NIS does record race, we did not include controls for race in our analysis because it was inconsistently reported across states in the NIS, and indeed was missing for 23% of our sample.
Statistical Analyses
Our analysis used a difference-in-differences approach to further minimize confounding. 25 Even after controlling for the various patient factors listed above (e.g., Charlson
Index and age), a simple comparison of outcomes between opt-out and non-opt-out states is likely to face additional confounding due to unobservable differences between patients in these 2 groups of states. With a difference-in-differences approach, state-specific controls are used to adjust for unobservable state-level factors. Therefore, rather than comparing outcomes across states, the difference-in-differences approach identifies the effect of opt-out by comparing outcomes in the pre-and post-opt-out period within the opt-out states. The difference-in-differences approach also controls for year effects to control for secular trends at the national level, such as general changes in surgical practice.
We implemented our difference-in-differences approach by using a multivariable linear regression. Our dependent variable in this regression was an indicator variable indicating whether the patient received a procedure/presented with a ruptured appendix. Our independent variable of interest was a dummy variable indicating whether opt-out is in effect. The coefficient on this variable can be interpreted as the difference in the percentage of patients undergoing a procedure/presenting with appendiceal rupture following opt-out in urban areas. For example, if the coefficient equaled 0.0500, this would imply that opt-out was associated with a 5.00% (absolute) increase in the probability of surgery/appendiceal rupture.
Our baseline analysis combines patients with appendicitis, bowel obstruction, choledocholithiasis, or hip fracture when examining how opt-out affected the probability of receiving a procedure. In addition, we analyzed the effect of opt-out on each diagnosis separately. In the case of appendiceal rupture, our analysis was necessarily limited to patients presenting with appendicitis. In addition to the differencein-differences approach described above, we incorporated the use of state-specific linear and quadratic year trends to further reduce confounding by controlling for secular time trends at the state level. For example, these trends would ICD-9 diagnosis codes used to identify patients admitted for appendicitis, bowel obstruction, choledocholithiasis, and hip fracture, as well as the ICD-9 procedure codes used to identify whether patients underwent a corresponding procedure for their condition. Patients were determined to meet the criteria for appendicitis, bowel obstruction, choledocholithiasis, or hip fracture if they had at least one of the associated ICD-9 diagnosis codes list under "Inclusion ICD-9 Diagnosis Codes" and none of the ICD-9 codes listed under "Exclusion ICD-9 Diagnosis codes." In the case of choledocholithiasis, the table shows the codes for 3 types of procedures: endoscopic, surgical, and percutaneous procedures. The codes above were adopted from previous studies as discussed and referenced in the methods section.
ICD-9 = International Classification of Diseases, Ninth Revision. a
Codes used to identify a ruptured appendix. The list of states opting-out of federal regulations requiring physician supervision of Certified Registered Nurse Anesthetists. The second column provides the date the opt-out decision took effect, and the third column shows the first year the state began providing information to the Nationwide Inpatient Sample (NIS). "N/A" means that the state did not provide data to the NIS during the study period.
www.anesthesia-analgesia.org aNesthesia & aNalgesia 26 We performed our analyses with STATA 13.0 (College Station, TX). We adjusted our confidence intervals for each of the 4 individual procedures composing our composite end point using the Bonferroni method. Further details are found in Appendix 1.
Subanalyses
The baseline analyses we described above examined the degree to which opt-out affected outcomes at across the entire state. However, these analyses may understate the effect of opt-out if its effects were limited to particular parts of the state. For example, suppose that, as a result of opt-out, more hospitals were opened in rural areas so that, instead of being transferred to an urban hospital, rural patients now received their procedure closer to home. Then at the statewide level, there would be no change in the overall number of procedures (or probability of receiving a procedure). Procedures that had been done in urban areas would now be done in rural areas. However, this finding would underestimate the true effect of opt-out because rural patients are now able to receive their procedure closer to home, and access has increased.
To address this scenario, we tested for the possibility that opt-out had differential effects in urban and rural areas. Our approach was built on the baseline analyses described above by incorporating a second independent variable of interest consisting of an interaction term between our opt-out variable and a dummy variable that equaled 1 if a hospital were located in a rural area and 0 otherwise. Our interaction term was produced by multiplying our opt-out variable by our variable indicating rural status. Thus, it equaled 1 if opt-out were in effect and the hospital were located in a rural area, and 0 otherwise. By adding this interaction term, the interpretation on our original opt-out variable now changes slightly, because it now represents the effect of opt-out in urban areas, while the coefficient on this new interaction term represents the effect of opt-out in rural areas, relative to its effect in urban areas. For example, suppose that the coefficient on our opt-out variable were 0.0500 and the coefficient on our interaction term −0.0200. In tandem, these results would indicate that opt-out was associated with a 5.00% (absolute) increase in procedure rates/appendiceal rupture in urban areas and that the effect of opt-out was 2.00% lower in rural areas, relative to urban areas. This, the effect of opt-out in rural areas overall would be a 3.00% (=5.00% − 2.00%) increase. In short, the coefficient on the interaction term is a test of the hypothesis that opt-out had a different effect in rural areas.
We used the NIS variable HOSP_LOCATION to identify rural hospitals. Before 2004, the NIS defined urban hospitals as those located in a Metropolitan Statistical Area (MSA) as delineated by the United States Office of Management and Budget (OMB). Hospitals not located in an MSA were defined as rural.
c In defining an MSA, the OMB first looks for an urban area with a population of at least 50,000 people. The MSA is then defined as the set of counties containing the urban area, as well as the set of counties with close economic and social ties to the urban area, as measured by commuting patterns. In 2004, the definition of "rural" used by the NIS changed slightly primarily because it now defined rural counties based on a newer OMB entity, the metropolitan Core-Based Statistical Area (CBSAs). Functionally, metropolitan CBSAs and MSAs are similarly defined. However, in identifying metropolitan CBSAs, the NIS used data from the 2000 United States census, while it had used data from the 1990 United States census to define MSAs. This change resulted in a slight decrease in the number of hospitals classified as rural, with a corresponding increase the number of hospitals classified as urban. Table 3 shows summary statistics for our sample. With regard to age, sex, and Charlson Index, there were some differences between the opt-out and non-opt-out states that were small in magnitude (standardized differences scores <0.05) and generally always of no statistical significance. There were no significant differences in the percentage of patients receiving a procedure in the case of hip fracture, choledocholithiasis, and appendicitis. We found that a slightly smaller percentage of patients with bowel obstruction received a procedure in opt-out states (27.1% vs 28.9%, P = 0.029). Figure 1 plots trends in surgical rates for patients with bowel obstruction, appendicitis, choledocholithiasis, and hip fracture. The figure demonstrates 2 important facts. First, as indicated from previous literature, the percentage of patients undergoing a procedure was smaller in rural areas. Second, while the percentage of patients undergoing a procedure overall declined during this period, the decline qualitatively "looks" sharper among the opt-out states, particularly in rural areas. While this result provides a basis for suggesting that opt-out did not increase access to surgery, the goal of our difference-in-differences approach is to analyze this result more rigorously by imposing additional controls for case mix, patient characteristics, and secular time trends at the national and state level. Similar to Figure 1 , Figure 2 plots the percentage of patients with appendicitis who presented with a ruptured appendix. Overall, there appears to have been a downward trend in the incidence of appendiceal rupture during this period. Qualitatively, the trend does not appear to be different in opt-out versus nonopt-out states, again providing some basis to suggest that opt-out did not decrease rates of appendiceal rupture. Table 4 presents the results of our analysis in 3 columns. The first column presents our baseline results, which show the effect of opt-out at the state level. Across all 4 diagnoses (bowel obstruction, appendicitis, choledocholithiasis, and hip fracture), opt-out was not associated with a significant increase in the percentage of patients who received a procedure in urban hospitals (0.0315 percentage point increase, P = 0.926). From the confidence interval, there could be an (absolute) increase as large as 0.906%. When considered by procedure, opt-out was associated with statistically insignificant changes in the percentage of patients undergoing a procedure for bowel obstruction (0.511 percentage point decrease, P = 0.455), choledocholithiasis (−2.78 percentage point increase, P = 0.144), and hip fracture (0.291 percentage point increase, P = 0.713).
RESULTS
In the case of appendicitis, we observed a small but statistically significant increase in the percentage of patients undergoing a procedure (0.876 percentage point increase, P = 0.008). Opt-out was also associated with a statistically insignificant change in the percentage of appendicitis patients who presented with a ruptured appendix (0.914 percentage point decrease, P = 0.119).
In addition to our baseline results, Table 4 presents the results of a subanalysis examining whether opt-out had differential effects in rural and urban areas. Column 2 shows the effect of opt-out in urban areas, while column 3 shows the impact of opt-out in rural areas relative to its effect in urban areas. The values in column 3, therefore, expressed the extent to which opt-out affected rural areas separately from urban areas. Across all our outcomes, the values shown in column 3 are statistically insignificant, suggesting that the effects of opt-out were not different across rural and urban areas.
DISCUSSION
Although many states have chosen to opt-out with the stated intention of increasing access to anesthesia care, whether the decision to do so has actually increased access is an open question. Using 2 measures of access: the percentage of patients receiving surgery for 4 urgent conditions (appendicitis, small bowel obstruction, hip fracture, and choledocholithiasis) and the percentage of patients with appendicitis who presented with a ruptured appendix, we found that opt-out was not associated with increased access to anesthesia care. Our results also suggest that opt-out did not have heterogeneous effects across urban and rural areas.
These results may not necessarily be surprising. First, as previously discussed, opt-out merely means that the federal government will continue to pay providers when nurse anesthetists practice independently. This does not require states, hospitals, insurers, or surgeons to accept independent nurse anesthetist practice; each of these groups is free to restrict the scope of nurse anesthetist practice. Indeed, 14 of the 17 opt-out states do not allow true independent nurse anesthetist practice, because statutes and regulations at the state level require nurse anesthetists to work in a relationship with a physician, which may involve physician supervision, collaboration, consultation, agreement, accountability, or discretion over nurse anesthetists providing anesthesia services. Second, even if opt-out expands the supply of anesthesia providers, this expansion will not result in an increase in anesthesia services if the supply of proceduralists is insufficient. In this light, our results should not imply that opt-out could never increase the supply of anesthesia services. Rather, our results suggest that opt-out is unlikely to increase the supply of anesthesia services in the absence of policies addressing the issues outlined above. These features are not limitations of our study, however, because our goal was to examine the effects of opt-out as it was actually implemented.
Our study should be viewed in light of its limitations. We cannot exclude the possibility that unobserved factors, such as changes in patient population or surgical practice, could explain our results. However, our difference-in-differences approach does minimize the possibility of confounding. For a factor to confound our results, it would have to be Summary statistics for the patients admitted for bowel obstruction, appendicitis, choledocholithiasis, and hip fracture. For choledocholithiasis, "Received Procedure" refers to patients who underwent surgery, endoscopy, or a percutaneous procedure (see Table 2 ). 95% confidence intervals are shown in parentheses. The statistical significance of differences between patients in opt-out and non-opt-out states was tested using a t test, and the results are shown in the column labeled "P." *P < 0.0001.
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Opt-Out and Access to Surgical Care associated with the timing of opt-out among each opt-out state and be independent of yearly effects at a national level, as well as secular time trends at the state level. In addition, as previously noted, our analysis does not cover the entirety of opt-out states, because not all states submitted data to the NIS. In addition, our findings only address the issue of whether opt-out has affected access to care; whether it has affected quality remains an area for further study. Finally, our study is limited to the case of urgent surgery for 4 conditions. As previously noted, nurse anesthetists and anesthesiologists tend to practice anesthesia in different settings. It is possible that opt-out could have increased access to other types of anesthesia care, such as monitored anesthesia care for elective cases. Whether it may have done so, and the social value of these increases, are subjects for further research, using a dataset different from the NIS that we used. In sum, our results suggest that opt-out has not significantly increased access to anesthesia care for urgent inpatient procedures. Although we did not consider elective and/or outpatient procedures, presumably one of the primary goals of opt-out would have been to increase access to urgent inpatient procedures, both because of their acuity and because, as demonstrated here, rates of surgery are markedly lower in rural areas, with potential implications for patient health. While increasing access to surgery, particularly in underserved areas, is a laudable goal, our results suggest that opt-out alone is unlikely to address this issue. E
AppENDIx 1
In this technical appendix, we describe in detail the implementation of our difference-in-differences approach. As discussed in the main body of the paper, a simple comparison of outcomes between opt-out and non-opt-out states may suffer from confounding due to differences in observable and unobservable factors between the 2 groups, such as patient type and surgical practice patterns. Although we did control for many plausible differences-such as Charlson scores, race, and sex-these controls might not fully account for all plausible confounders.
The difference-in-differences approach, which has been extensively used to evaluate the effects of policy, 25 provides one way to minimize confounding. At heart, the differencein-differences approach estimates the effect of opt-out by performing 2 calculations. First, it evaluates the change in outcomes among "opt-out" states following the decision to opt-out rather than simply comparing opt-out states to non-opt-out states. By focusing on the changes in outcomes before and after opt-out within a given state, the differencein-differences approach eliminates much of the confounding that may occur due to differences in patients, surgeons, and hospitals across states. However, this simple "beforeafter" comparison can also be confounded by secular trends (such as changes in practice patterns) at the national level. The difference-in-differences approach addresses this issue by including year-specific controls to control for year-toyear variability in surgical rates at the national level.
We can implement a basic difference-in-differences approach using the following linear regression: 
Equation (2) is similar to Equation (1), except that we included the terms year × f j , which controls for secular linear trends occurring at the state level, and year 2 × f j , which controls for secular quadratic trends occurring at the state level. Equation (2) formed the basis for our baseline analyses, which examined how opt-out affected our outcomes at the state level. As we noted, however, it is also important to test the potential that opt-out may have affected urban and rural areas differentially. To 
Equation (3) is similar to Equation (2), except that we included the term opt-out jt × rural it , which was our interaction term. This term was obtained by multiplying our opt-out variable, opt-out jt , by another indicator variable, rural it , equaling one if the patient was seen in a rural hospital and zero otherwise. Thus, our interaction term, opt-out jt × rural it , equaled one only if opt-out was in effect and if the patient was seen in a rural hospital. As can be seen from Equation (3), β 1 represented the effect of opt-out in urban areas, while β 2 represented the effect of opt-out in rural areas relative to its effect in urban areas. Therefore, testing the hypothesis that opt-out had a different effect in rural areas was a test of the hypothesis that β 2 = 0. In addition, note that the total effect of opt-out in rural areas was β 1 + β 2 . Although not shown in Equation (3) for the purposes of exposition, in estimating Equation (3), we also interacted rural it with each of the other covariates (e.g., f i , d t , (year × f j ), (year 2 × f j ), and X i ) to allow for the possibility that the effects of these variables could differ in urban and rural areas. Given the large number of terms in our regression, we only reported the results for β 1 and β 2 . Results for the other regression coefficients are available upon request.
Because the National Inpatient Sample employs a complex sampling strategy, we incorporated sampling weights (the TRENDWT variable) in our analyses. In addition, we clustered our errors at the state level. Our sample consists of 2,353,130 observations, each with a corresponding sampling weight. A simple ordinary least squares regression would tend to underestimate our standard errors (and therefore overestimate the statistical significance of our regression coefficients) because these observations were not independent, since observations within a given state were likely to be correlated. Calculating clustered standard errors is an appropriate approach to deal with this issue. 27 In essence, clustering adjusts the standard errors based on the observed level of correlation within a given unit (cluster) defined by the investigator. Since we were primarily concerned with correlation within a given state, we clustered our standard errors at the state level. 28 By using a linear regression, we estimated a linear probability model, in contrast to a probit or logistic regression. We chose a linear probability model for several reasons. First, implementing our difference-in-differences model, along with the controls for linear and quadratic trends, required the use of numerous indicator variables, which can lead to computational difficulties with logistic or probit regression. 29 Second, the coefficients from the linear probability model are easier to interpret and directly correspond to the increase in probability that a patient received surgery. By contrast, it is harder to translate the coefficients from a logistic or probit regression into the change in probability for receiving surgery. For example, odds ratios are easily estimated from a logistic regression and are an unbiased estimator for changes in probability for rare events. 30, 31 However, since around 50% of patients receive a procedure, odds ratios would be a biased measure of probability changes in our case. Finally, since our analysis incorporated an interaction term between 2 dummy variables to estimate how opt-out affects the probability of surgery in rural areas, we chose a linear probability model as the interpretation of this interaction term is more straightforward. 
